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METHOD OF FORMING A LOW K DIELECTRIC IN A 
SEMICONDUCTOR MANUFACTURING PROCESS 

Field of the Invention 

1 

5 This invention relates to integrated circuit manufacturing, and more 

particularly, to the formation of low k dielectric films in integrated circuit 
manufacturing. 

Related Art 

10 In the manufacturing of semiconductors, one of the developments has 

been the use of low k dielectrics-for an interlayer dielectric (ILD), the layer 
between conducting layers above the semiconductor substrate. This low K 
dielectric is to reduce capacitive coupling between conductors that are used as 
interconnect. Reducing this capacitive coupling is particularly important in 

15 cases where speed is a high priority, which is often the case. The low K 

materials are typically neither the best insulators nor the easiest to manufacture 
with high yield. Often barrier layers and capping layers are required in order to 
achieve all of the characteristics necessary for successful operation. These 
additional layers add steps, which complicate the process and potentially 

20 introduce yield problems. 

Thus, there is a need for low K dielectrics in semiconductor 
manufacturing that can be made with less adverse effects on yield. 
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Brief Description of the Drawings 
The present invention is illustrated by way of example and not limited by 
the accompanying figures, in which like references indicate similar elements, 
and in which: 

5 FIG. 1 is a cross section of a semiconductor device structure made 

according to an embodiment of the invention; and 

FIG. 2 is a flow diagram of a process according the embodiment of the 
invention used in making the device of FIG. 1 . 

Skilled artisans appreciate that elements in the figures are illustrated for 
10 simplicity and clarity and have not necessarily been drawn to scale. For 
example, the dimensions of some of the elements in the figures may be 
exaggerated relative to other elements to help improve the understanding of the 
embodiments of the present invention. 
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Detailed Description of the Drawings 
In one form, a low k barrier layer, which is deposited with a hydrophobic 
surface, is treated with an oxygen plasma to convert the surface to being 
hydrophilic. The hydrophilic surface is then cleaned with a scrub. The scrub 
5 has a significantly increased effectiveness due to the surface being hydrophilic. 
After the treatment a low K dielectric layer is formed on the surface. This is 
better understood by reference to the drawings and the following description. 

Shown in FIG. 1 is a semiconductor device 10 comprising a 
semiconductor substrate 12, a drain region 14 formed in substrate 12, a source 

10 region 16 formed in substrate 12, a gate dielectric 18 over substrate 12 and 
substantially between drain 14 and source 16, a gate 20 over gate dielectric 18, 
a sidewall spacer 22 around gate 22, a dielectric layer 24 over and around gate 
20, a contact 25 on gate 20, a low k barrier dielectric layer 26 on dielectric layer 
24, a low K dielectric layer 28 on low k barrier dielectric layer 26, a capping 

15 layer 32 on low K dielectric layer 28, a conductive layer 30 on via 25 and 
surrounded by layers 26, 28, and 30, a low k barrier layer 34 on capping layer 
32, a low K dielectric layer 36 on low k barrier layer 34, and a via 38 on 
conductive layer 30 and surrounded by layers 34 and 36. Semiconductor 
substrate 12 is preferably an SOI substrate in which the semiconductor is silicon 

20 or it can be another type of semiconductor substrate of another semiconductor 
material. Gate 20 is preferably silicon but could be other materials such as a 
metal or composite of different layers. Contact 25 is preferably tungsten but 
could be another type of conductive material. Via 38 is preferably copper but 
could be another type of conductive material. Conductor layer 30 is preferably 

25 copper but may be another conductive material. Capping layer 32 is preferably 
an oxide formed using tetraethylorthosilicate (TEOS), but may other dielectric 
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materials. Dielectric 24 is a composite of layers with the top layer preferably 
being either SiCOH or an oxide formed using fluorine and TEOS (FTEOS). A 
CMP process is applied to dielectric layer 24 so that the material on the surface 
of layer 24 after the CMP processing may vary. A preferred combination of 
5 material over layer 24 prior to performing the CMP process is silicon rich 
oxide, silicon rich oxynitride, TEOS oxide, which results in the top surface of 
layer 24 not being the same across the wafer on which device 10 is performed. 
Semiconductor device 10 is a conventional structure that can be formed by 
conventional means except for the method in forming the composite layer of 

10 low k barrier layer 26 and low K dielectric 28 and the composite layer of low k 
barrier layer 34 and low K dielectric layer 36. 

The method of forming these composite layers is shown in flow diagram 
50 of FIG. 2. Flow diagram 50 comprises steps 52, 54, 56, and 58. In step 52 a 
layer is deposited that has a hydrophobic surface, which is true of low k barrier 

15 layers 26 and 34. Barrier layers 26 and 34 are preferably SiCN. LowK 

dielectric layers 28 and 36 are preferably SiCOH. SiCN has been found to be 
an effective barrier in protecting SiCOH from layer 24. SiCN has the 
characteristic of having a hydrophobic surface. The SiCN also has been found 
to have particles on its surface. A scrub clean has been found not remove all of 

20 the particles. One possible reason for the clean being less than fully effective is 
that the surface of the SiCN layer, as deposited, is hydrophobic. Furthermore a 
scrub clean has been found to damage the structure of the SiCN creating a new 
type of defect. Step 54 is to convert the surface of the SiCN layer from being 
hydrophobic to hydrophilic. This is achieved with an oxygen plasma. The 

25 deposition of the SiCN and the subsequent plasma treatment of the SiCN layer 
are preferably performed in situ. Because SiCN is a plasma deposition, the 
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subsequent oxygen plasma step can easily be performed without having to 
remove the wafers from the deposition chamber. Thus, layer 26 is deposited 
and then treated in the same chamber. In the same way but after the deposition 
and CMP processing of conductor 30, layer 34 is also deposited and treated in 
5 the same chamber. 

Step 56 is to perform a scrub of the surface of the layer that has been 
plasma treated. Thus layer 26 is treated with a scrub clean after layer 26 has 
been treated with oxygen plasma. This is also true for layer 34. The scrub 
clean is a water-based clean. The water is preferably de-ionized and further 

10 includes ammonium hydroxide. This is a conventional composition for a water- 
based clean such as a scrub clean. 

Step 58 is to perform the deposition of the next layer, which is low K 
dielectric layer 28 over low k barrier layer 26 and low K dielectric layer 36 over 
barrier layer 34. This combination of steps 52-58 combines to complete a 

15 composite layer useful as a low K dielectric. 

One theory for the benefit of this method is that the plasma deposition of 
the barrier layer results in particles on the surface of the barrier which can cause 
yield-reducing defects; these particle are not effectively removed by a scrub 
because the surface of the barrier layer is hydrophobic; and the post-deposition 

20 plasma treatment of the surface of the barrier layer converts the surface of the 
barrier layer to hydrophilic so that the scrub is effective in removing the 
particles without the subsequent generation of a new defect type. Another 
theory is that the plasma treatment causes there to be less adhesion between the 
particles and the barrier layer so the subsequent scrub is more effective. In any 

25 event, the process has resulted in a significant improvement in yield. 
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In the foregoing specification, the invention has been described with 
reference to specific embodiments. However, one of ordinary skill in the art 
appreciates that various modifications and changes can be made without 
departing from the scope of the present invention as set forth in the claims 
5 below. For example, other dielectric and barrier materials may be used that 
benefit from a plasma treatment followed by a water-based clean. Another 
material may also be hydrophobic as deposited and be converted to hydrophilic 
with a plasma treatment. The plasma treatment may be other than by oxygen. 
The low K material may be something other than SiCN and SiCOH and may be 

10 spun-on instead of by plasma. The water-based clean need not necessarily be a 
scrub process but simply using a water-based solution without requiring a 
scrubber. Accordingly, the specification and figures are to be regarded in an 
illustrative rather than a restrictive sense, and all such modifications are 
intended to be included within the scope of present invention. 

15 Benefits, other advantages, and solutions to problems have been 

described above with regard to specific embodiments. However, the benefits, 
advantages, solutions to problems, and any element(s) that may cause any 
benefit, advantage, or solution to occur or become more pronounced are not to 
be construed as a critical, required, or essential feature or element of any or all 

20 the claims. As used herein, the terms "comprises," "comprising," or any other 
variation thereof, are intended to cover a non-exclusive inclusion, such that a 
process, method, article, or apparatus that comprises a list of elements does not 
include only those elements but may include other elements not expressly listed 
or inherent to such process, method, article, or apparatus. 
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